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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to an apparatus for testing body fluid constituents. More particularly, the present 
invention pertains to an apparatus for collecting body fluid for testing. 

10 2. Description of the Art 

The prior art has long been seeking procedures for testing and determining the level of blood constituents. Partic- 
ularly, a great deal of attention has been spent on the development of techniques for measuring blood glucose. 

Historically, Wood glucose and other bodily analyte measurements were, and remain, invasive. Such measure- 
ments are generally made by withdrawing a blood sample and measuring the desired analyte within the blood or 
plasma Blood samples can be withdrawn by inserting a needle into a major artery or, more commonly, a vein. A syringe 
or other device is used to provide any necessary suction and collect the blood sample. Needles used for this sampling 
technique must be long enough to pass through the skin, subcutaneous tissue, and blood vessel wall. The needle must 
also have a sufficient diameter to allow timely collection of the blood sample without causing hemolysis of the blood. 
Minimal diameter to meet these criteria is generally 20 gauge or larger diameter. Such direct vascular blood sampling 
has several limitations, including pain, hematoma and other bleeding complications, and infection. In addition, due to 
the vascular damage resulting from the needle puncture, sampling could not be repeated on a routine basis. Finally, it 
is extremely difficult for patients to perform a direct vascular puncture on themselves. 

The other common technique for collecting a blood sample is to cut or lance the skin and the subcutaneous tissue, 
including the small, underlying Wood vessels, to produce a localized bleeding on the body surface. A lancet, knife, or 
other cutting device is required. The blood on the body surface can then be collected into a small tube or other con- 
tainer The fingertip is the most frequently used site to collect Wood in this method due to the large number of small 
blood vessels located in the region. One method is shown in U.S. Patent 4,637,403. This sampling method *also suffers 
from several major disadvantages, including pain and the potential for infection and other problems associated with 
repeated sampling for a confined area: Pain is a major disadvantage since the fingertip has a large concentration of ■ 
nerve endings. Also, there is a limited body surface area from which to take these samples and measurement on a high 

frequency basis. . 

Because the prior art invasive techniques are painful, patients frequently avoid having blood glucose measured. 
For diabetics, the failure to measure blood glucose on a prescribed basis can be very dangerous. Also, the invasive 
techniques, which would result in lancing blood vessels, create an enhanced risk for disease transmission. 

Attempts have been made to develop glucose and other analyte sensors for implantation in the human body. 
Implanted glucose sensors would be primarily to control insulin infusion pumps or provide continuous, chronic monitor- 
ing Development of a permanently implanted or long-term, chronic implanted sensor has been unsuccessful. Attempts 
to develop short-term implantaWe sensors (up to 2-3 days) have also met with very limited success. Most implantable 
sensors are based on measuring various products from chemical reactions between agent(s) located on or within the 
sensor and the desired analyte. Implanted glucose sensors have typically used the glucose oxidase reaction to meas- 
ure the amount of glucose, as described in U.S. Patent No. 5,108,819. Such implantable glucose sensors have been 
intended for insertion through the epidermis and dermis to the subcutaneous tissue. An alternative location previously 
described for chronic sensor implant is the peritoneal cavity. All such implanted sensors require direct or telemetered 
45 connection to a measurement instrument, usually located external the body. 

All implanted sensors are faced with several major problems. First, all foreign materials, including materials incor- 
porated into a glucose sensor, produce unwanted body reactions. Such reactions include the formation of f brotic tissue 
around the sensor which alters the sensor's contact with normal body fluids and analytes, such as glucose. The body's 
natural defense mechanism may also have a direct "poisoning" effect upon the sensor's operation by interfering with the 
so chemical reactions required by chemical-based sensors. As with any implanted object, implanted sensors may also ini- 
tiate other bodily reactions including inflammation, pain, tissue necrosis, infection, and other unwanted reactions. 

Implanted sensors require certain chemicals and chemical reactions to determine the level of analyte in the sur- 
rounding medium. These chemical reactions are the source of the other major problem facing any implantaWe sensor. 
Chemically-based sensors require products to be consumed and other products to be produced as part of the sensor's 
55 normal operations. Therefore, the sensors can quickly be depleted of the chemical agents required to sustain the 
desired chemical reactions. Secondly, by-products are given off as a result of the basic chemical reaction. These by- 
products often "poison" the sensor or cause other unwanted tissue reactivity. Because of these severe limitations, 
implanted sensors are not practical. Finally, such implanted sensors are painful to implant and are a source of infection. 
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By withdrawing the body fluid containing the glucose or other analyte and making the measurement outside the 
body, these aforementioned sensor based problems can be avoided. Specifically, there is no concern about the chronic 
tissue response to the foreign sensor material or the limited operational fife of the sensor due to the consumption of 
reaction agents or the production of unwanted by-products from that reaction. 

s In view of the risk associated with invasive techniques, the prior art has sought to develop non-invasive blood glu- 
cose measurement techniques. An example of such is shown in U.S. Patent 4,882,492 to Schlager. Schlager teaches 
a non-invasive near-infrared measurement of blood. Schlager is particularly directed to the measurement of blood glu- 
cose levels. The Schlager patent recognizes that certain wavelengths of light in the near-infrared spectrum are 
absorbed by glucose. Modulated light is directed against a tissue (shown as an earlobe). The fight is either passed 

10 through the tissue or impinged on a skin surface. The light is spectrally modified in response to the amount of analyte 
(for example, glucose) in the blood and tissue. The spectrally modified light is split with one beam passed through a cor- 
relation cell. The other beam is passed through a reference cell. The intensity of the beams passing through the corre- 
lation cell and the reference cell are compared to calculate a glucose concentration in the sample. Other non-invasive 
blood glucose methods are shown in U.S. Patent 4,805,623, 4,655,225, 4,014,321 and 3,958,560. 

is One drawback of prior art non-invasive systems is that by passing the infrared light through a complex medium 
(such as an earlobe) very complex data is generated. Algorithms must be developed to manipulate the data in order to 
attempt to provide reliable indications of blood glucose measurements. Also, such devices may require exact placement 
of the measuring device (e.g.. precise placement on a patient's finger or near an earlobe) to minimize measurement 
error. Such devices may also be difficult to calibrate. To date, the prior art has not developed commercially available 

20 non-invasive methods which provide accurate data. 

In addition to the foregoing, applicants' assignee is the owner of various patents pertaining to blood glucose meas- 
urement. For example, U.S. Patent 5,179,951 to Knudson dated January 19, 1993 teaches an invasive blood glucose 
measurement where infrared light is passed through a sample of blood by use of an implanted catheter. Similarly, U.S. 
Patent 5,079,421 teaches such a system. 

25 U.S. Patent 5,146,091 teaches a non-invasive blood glucose measurement utilizing FTIR (Fourier Transform Infra- 
red) techniques to determine blood glucose levels and U.S. Patent 5, 1 1 5, 1 33 which directs infrared light to the eardrum. 
As indicated in the aforementioned commonly assigned patents, the testing wavelength includes a glucose sensitive 
wavelength of about 500 to about 4,000 wave numbers (cm* 1 ). Preferably, the glucose absorbable wavelength is about 
1 ,040 wave numbers. 

30 It is an object of the present invention to provide an enhanced technique for collecting a sample fluid and for meas- 
uring fluid constituents in the sample. 

SUMMARY OF THE INVENTION 

35 According to a preferred embodiment of the present invention, an apparatus is disclosed for collecting and meas- 
uring constituents in a sample of body fluid. The sampler includes a penetration member which is sized to penetrate the 
subject's skin upon the urging of the sampler. A sample of fluid is drawn along the penetration member. The sample is 
tested for desired constituents such as glucose concentration. 

A body fluid is drawn from the dermal layer of skin. The apparatus includes a conduit which is sized to penetrate 

40 into and not through the dermal layer. Ught having a wavelength absorbable by the constituent is passed through the 
conduit. The amount of absorption indicates the amount of constituent in the drawn sample. Alternative embodiments 
of the present invention include drawing a sample of fluid and depositing the sample on, within or between a mem- 
brane^) or substrate(s). The sample deposited on, within or between the membrane(s) or substrate(s) is tested for con- 
stituents. 

45 The present invention provides numerous advantages over the prior art techniques. Compared to the prior art inva- 
sive and non-invasive techniques, the present invention may more accurately be referred to as a minimally invasive 
technique. 

The fluid is drawn from the dermal layer of the skin. The dermal layer of the skin has smaller nerves compared to 
the subcutaneous layer of the skin. Accordingly, the pain associated with prior art invasive techniques is substantially 
so avoided resulting in increased probability of a patient's compliance with prescribed testing. Also, the total body area 
from which a sample may be taken is not restricted to a fingertip. Furthermore, smaller blood vessels outside of the sub- 
cutaneous layer result in minimal or no blood loss and blood vessel rupture by reason of the testing. These and other 
advantages of the present invention will become apparent through the following detailed description of the invention. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front sectional view of an apparatus according to the present invention shown inserted into a layer of skin; 
Fig. 2 is a detailed sectional view of a portion of a preferred embodiment of the present invention shown inserted 
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in a layer of skin; 

Fig. 3 is a detailed sectional view of the 'apparatus shown in Fig. 2; 

Fig. 4 is a side elevation view of a portion of the apparatus of Fig. 3 shown in an analysis apparatus (shown sche- 
matically); 

s Fig. 5 is a front elevation view of the apparatus of Fig. 4; 

Fig. 5A is a top plan view of a detection apparatus; 
Fig. 6 is an enlarged side sectional view of the apparatus of Fig. 2; 

Fig. 7 is a detailed sectional view of an alternative embodiment of the present invention shown inserted in a layer 
of skin; 

10 Fig. 8 is a front sectional view of the apparatus shown in Fig. 7 with light transmitting and detecting devices secured 
to the apparatus; 

Fig. 9 is a prospective view of the apparatus shown in Fig. 7; 

Fig. 10 is a further alternative embodiment of the apparatus of Fig. 7; 

Fig. 1 1 is a perspective view of a sampler according to an alternative embodiment of the present invention with a 

is cover shown in the open position; 

Fig, 12 is a top plan view of the sampler of Fig. 1 1 ; 
Fig. 1 3 is a bottom plan view of the sampler of Fig. 1 1 ; 
Fig. 14 is a rear elevation view of the sampler of Fig. 1 1 ; 
Fig. 1 5 is a side elevation of the sampler of Fig. 11; 

20 Fig. 16 is a perspective view of a still further alternative embodiment of a sampler according to the present inven- 
tion; 

Fig. 1 7 is a top plan view of the sampler of Fig. 1 6; 

Fig. 18 is a bottom plan view of the sampler of Fig. 16; 

Fig. 1 9 is a side elevation view of the sampler of Fig. 16; 
25 Fig. 20 is a view taken along lines 20-20 of Fig. 19; 

Fig. 21 is side elevation view of a needle for use in the sampler of Fig. 16; 

Fig. 22 is the view of Fig. 21 rotated 90°; 

Fig. 23 is an exploded perspective view of the sampler of Fig. 16; 

Fig. 24 is a side elevation view of a yet further embodiment of the present invention; 
30 Fig. 25 is a top plan view of the sampler of Fig. 24; and 

Figs. 26-31 illustrate a split sleeve penetration member. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
35 A. Fluid Sampling Generally 

Referring now to Fig. 1 , an apparatus 10 is shown for use in minimally-invasive testing for a body fluid constituent. 

While the illustrated application is a preferred embodiment, it will be appreciated that the salient features are applicable 

to a wide variety of body constituents found in body fluid. 
40 In Fig. 1 , the apparatus 10 according to the present invention is shown in its most elementary structure for ease of 

illustration. The apparatus 10 is for collecting a sample of fluid. 

The apparatus 10 includes a penetration member in the form of a conduit 12, preferably a hollow capillary type 

tube, which is open at both ends and which is inserted into a layer of skin 20. As shown in Fig. 1 , the structure of the 

skin 20 includes three distinct layers, the epidermis 22, which is the top thin layer, the dermis 24, or middle layer, and 
45 the subcutaneous layer 28. Commonly, the epidermis is about 100 microns thick, the dermis 24 is about 2,000-3,000 

microns thick. 

The collection apparatus 10 is designed and dimensioned for insertion into the dermal layer 24 of the skin without 
penetration into the subcutaneous layer 28. The dermal layer 24 generally consists of a dense bed of connective tissue 
including collagen f foers. It is currently believed bodily fluid is present in the interstitial space defined between the col- 

so lagen fibers and cells. This interstitial, dispersed bodily fluid includes constituents, such as glucose, in a concentration 
representative of the constituent's concentration in other bodily fluids, such as blood. Thus, this interstitial fluid may be 
tested to accurately measure the level of constituents present in an individual's bodily fluids (e.g., Wood sugar levels). 
While it is believed low Wood (Le,. few or no red cells) interstitial fluid is preferred any body fluid may be collected 
through the present invention. However, for ease of illustration, the body fluid will be referred to herein as interstitial fluid. 

55 According to the present invention, the capillary tube 12 is inserted into the dermal layer 24 of the skin to collect a 
sample of interstitial fluid for subsequent testing of a level of a constituent in the interstitial fluid. In order to collect inter- 
stitial fluid with minimal pain, a capillary tube 12 with inside diameter of 114 microns and outside diameter of 140 
microns is presently preferred. In the preferred embodiment, the interstitial fluid is to be tested to measure the level of 
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glucose in the fluid. 

The capillary tube 1 2 is inserted to a position in which the distal end 1 4 of the tube 1 2 is approximately in the upper 
third portion 24a of the dermal layer 24 to ensure the subcutaneous layer 28 is not penetrated. The capillary tube 12 is 
disposed in this position while interstitial fluid located adjacent to the distal end 14 of the tube 1 2 is drawn up inside the 
s tube 12 and retained within the internal passageway 18 of the tube 12. 

B. I R Testing Generally 

Discussed more fully with respect to the embodiments of Figs. 1 1 -22, the collected sample of interstitial fluid may 
w be deposited on a membrane for subsequent IR testing or may be tested through other means (including electro-chem- 
ical or colormetric). The following discussion discusses IR testing through the tube 1 2 as one means of constituent test- 
ing. 

For IR testing of a sample in tube 12, the capillary tube 12 includes at least a section of the tube 12 which is 
selected to pass certain predetermined light wavelengths (e.g. - wavelengths which are absorbable by constituents 
is which are to be measured). This allows for spectrophotometric analysis of the constituents in the interstitial fluid without 
the need for pipetting or transferring the fluid in any manner. For purposes of this application and any appended claims, 
the term "light" is intended to mean both the visible and invisible (e.g.. infrared) spectra. 

Once the interstitial fluid is retained in the capillary tube 12, a testing light which includes wavelengths absorbable 
by the constituent to be tested, is generated and directed through the capillary tube 12 containing the constituent of the 
20 interstitial fluid. By measuring the amount of absorption of the absorbable wave length, the level of the constituent in the 
interstitial fluid may be calculated. 

In one embodiment, the entire tube 12 is made of a material to pass a test wavelength. When testing for glucose 
with infrared energy at 1040 wavenumbers, a preferred material is nylon, polyethylene or polyamide, which is at least 
partially transparent to infrared light wavelengths. However, while the specifically mentioned materials are currently pre- 
25 ferred, it will be appreciated other materials may suffice. Infrared light having a wavelength absorbable by blood glucose 
then is directed through the capillary tube to measure the level of glucose in the interstitial fluid. 

c. Detailed Piscussion Of Embodiment For Testing Sample In Tube 

30 Referring to Figs. 2 and 3, a preferred embodiment of an apparatus 10' for collecting interstitial fluid is shown. It is 
appreciated that while this embodiment illustrates a structure for inserting the capillary tube 12 to a predetermined 
depth within the dermal layer 24 of the skin 20 and drawing interstitial fluid into the capillary tube 12, numerous other 
devices could be effectively utilized in accordance with the principals of the present invention to accomplish the same 
results. 

35 As shown in Figs. 2 and 3, the collection apparatus 10' includes a capillary tube 12 and a hollow needle 42. The 
capillary tube 12 is securely retained within the needle 42 so that the distal end 14 of the capillary tube 12 is disposed 
adjacent the insertion tip 44 of the needle 42. Preferably the tip 44 of the needle 42 is designed to facilitate quick and 
efficient penetration of the skin. In the preferred embodiment, the needle 42 is selected with a small diameter (30 
gauge) to minimize or eliminate the pain of insertion. 

40 The needle 42 includes opposing axially extending slots 46 which expose a portion of the capillary tube 12 such 
that a testing light may be directed through slots 46 and through capillary tube 12 while the capillary tube 12 is retained 
within the needle 42. It is noted that while the preferred embodiment provides for testing of the constituent in the inter- 
stitial fluid with the capillary tube 1 2 retained in the needle 42, alternatively, the capillary tube 1 2 could be removed from 
the needle 42 after collection of the interstitial fluid for testing of the interstitial fluid constituents. 

45 The collection apparatus 1 0' includes a spacer member 60 which is designed to control the depth of the penetration 
of the needle 42. The spacer member 60 has a generally cylindrical shape and encircles the needle 42. A proximal end 
45 of the needle 42 is secured to a mounting plate 48 having an opening 52 (shown in Fig. 2 only) corresponding to the 
outer diameter of the needle 42 such that the needle is securely attached to the mounting plate 48. The mounting plate 
48 is sized to fit within the spacer member 60. Preferably, the spacer member 60 includes mounting clips or other appro- 

so priate structure (e.g. an annular groove sized to receive a peripheral edge of plate 48) positioned on the inner wall 64 
of the spacer member 60 to securely attach the mounting plate 48 to the spacer member 60. The tip 44 of the needle 
assembly and the distal end 14 of the capillary tube extend a predetermined distance beyond the bottom 61 of the 
spacer member 60. 

In operation, the spacer member 60 is placed against the surface of the skin 20 such that the needle 42 penetrates 
55 into the skin. As shown in Fig. 2, with the spacer member 60 placed firmly against the skin surface, the tip 44 of the 
needle 42 extends into an upper portion 24a of the dermal layer 24 of skin. In the preferred embodiment, the tip 44 of 
the needle 42 is inserted such that the effective depth of the distal end 1 4 of the capillary tube 1 2 is about 0.7 mm. Gen- 
erally, the dermal layer of the skin is 2-3 mm deep and thus the insertion of the capillary tube to a depth of 0.7 mm 
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places the capillary in the upper third portion 24a of the dermal layer 24 and away from the subcutaneous layer 28. In 
this way, the capillary tube 12 is positioned to obtain a clean sample of interstitial fluid. If the capillary tube 12 were to 
be inserted further into the dermal layer 24, the potential for the capillary tube entering the subcutaneous level of the 
skin increases. The subcutaneous layer 28 of the skin includes fatty tissue cells, relatively large blood vessels and large 

5 nerves and, as currently believed by applicants, does not provide for a low blood sample of interstitial fluid. Thus, the 
present invention preferably positions the capillary tube 12 in the upper third portion 24a of the dermis 24 without 
extending through the dermis 24 into the subcutaneous layer 28 to minimize the pain of the insertion and while also 
obtaining a low blood sample of interstitial fluid. 

In accordance with the present invention, once the capillary tube 12 is inserted into the dermal layer 24, interstitial 

10 fluid located adjacent to the distal end 14 of the capillary tube 12 is urged up into the capillary tube 12 and retained 
therein. This may be achieved through various methods. For example, capillary action, negative pressure, or compress- 
ing the skin 20 surrounding the apparatus 10 may all be utilized to urge interstitial fluid into the passageway 18 of the 
capillary tube 12. 

A vacuum generating mechanism 70 may be provided to assist the flow of interstitial fluid into the capillary tube 1 2. 

is Shown best in Fig. 2, the vacuum mechanism 70 includes an outer cylindrical wall 72 and a housing 74 defining an inner 
charrtoer 76. The outer wall 72 is secured to the mounting plate 48 of the needle 42 with the vacuum housing 74 mov- 
ably disposed against the outer wall 72. The proximal end 1 7 of the capillary tube 1 2 and proximal end 45 of needle 42 
extend into the inner chamber 76 of the housing 74. A seal 80 is provided between the needle 42 and the tube 12. 
The vacuum mechanism 70 includes a plunger 82 which is secured to the housing 74 to move the housing between 

20 an upper and lower position. When the collection apparatus 10' is first placed against the skin so that a portion of the 
needle assembly 40 is inserted into the dermal layer of the skin, the housing 74 is in a lower position. The plunger 82 
is then pulled upward with the housing 74 correspondingly moving upward against the outer wall 72 of the vacuum 
mechanism 70. As the housing 74 is raised upward, the volume of the inner chamber 76 increases which decreases 
the pressure adjacent to the proximal end 1 7 of the capillary tube 1 2. This results in a negative pressure which provides 

25 an additional force to urge interstitial fluid into the passageway 1 8 of the capillary tube 1 2. 

The spacer member 60 is also designed to improve the flow of interstitial fluid into the capillary tube 12 in addition 
to controlling the depth of penetration of the needle assembly 40. As shown in Figs. 2 and 6, the bottom edge 61 of the 
spacer member 60 compresses the skin 20 around the needle 42. This compression improves the flow of the interstitial 
fluid located in the dermal layer 24 into the capillary tube 1 2. Once a sample of interstitial fluid is drawn into and retained 

30 in the passageway 18 of the capillary tube 12, the constituents in the interstitial fluid may now be measured to deter- 
mine the concentration of the constituent. Any pressure or vacuum is applied only to collect fluid. Such pressure or vac- 
uum is not used to retain the fluid in tube 12 and is optional to enhance collection. 

Various methods of spectrophotometric analysis may be performed on constituents in the interstitial fluid once a 
sample has been retained in the capillary tube 1 2. These measurement techniques utilize a testing light of known inten- 

35 sity including a wavelength absorbable by the constituent being measured which is then directed toward the constituent 
of the interstitial fluid. Also, a reference wavelength is preferably utilized. A light detector is provided for measuring the 
intensity of the testing light being spectrally modified by the constituent. Based on absorption analysis, the concentra- 
tion of the constituent can then be calculated. It will be appreciated that while several methods for calculating the con- 
centration of the constituent are disclosed herein, various other methods may be utilized which incorporate light 

40 analysis to calculate the concentration of the constituent in the interstitial fluid. 

Figs. 4, 5 and 5A schematically illustrate the testing for blood glucose utilizing the present invention. After collection 
of interstitial fluid into the capillary tube through the above-mentioned apparatus and method, the spacer member 60 is 
removed. An infrared radiation source 92 (shown as a heating coil) is provided opposing the needle 42 and capillary 
tube 12. As indicated, the needle 42 has openings or slots 46 to permit infrared radiation to pass directly to and through 

45 the capillary tube 12. 

Filters 94, 95 are contained on a wheel 96 placed between the infrared source 92 and the tube 12. The filters 94, 
95 filter out energy at undesirable wavelengths such that only energy at wavelengths that contain useful information is 
allowed to enter the tube 12. For example, filter 94 passes a glucose absorbable test wavelength (ag^ 1040 wavenum- 
ber) and filter 95 passes a reference wavelength (e.g.. 960 wavenumber). The fitters 94, 95 are mounted in a chopping 

so wheel 96 which revolves about axis X-X to allow energy to pass through different filters 94, 95 at different times. The 
filter 94 will preferably pass light at about 1040 wavenumbers for an absorption of glucose indication. Filter 95 will pass 
light at 960 wavenumbers to account for shifts in transmission at the glucose absorption number (1040 wavenumber) 
that are not attributable to glucose. 

The infrared source 92 also generates heat which evaporates off the fluid contained within the capillary tube 1 2. As 

55 a result, the constituents of the interstitial fluid remain as a residue deposit on the interior wall of the capillary tube 12. 
The filtered infrared radiation (which is of a wavelength absorbable by blood glucose or any other constituent to be 
measured) passes through the IR transparent capillary tube 12. Positioned on a side of the capillary tube opposite the 
infrared radiation source are two detectors 97, 98. One detector 98 directly opposes the infrared radiation passing 
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through the fitter wheel 96. The other detector 97 opposes and is positioned to receive infrared radiation which is 
passed through the capillary tube 1 2. A knife edge 99 is provided between the two detectors to prevent the first detector 
98 from receiving radiation which is passed through the tube 12 and to prevent the second detector 97 from receiving 
infrared radiation directly from the source 92. Preferably the detectors 97, 98 are slidable on the knife edge 99 so that 
absorption along the length of the capillary tube can be measured. The detectors 97. 98 move along the direction of 
arrow A in Fig. 4. Alternatively detectors 97, 98 may be fixed and the tube 12 and needle 42 may be axially moved. 
Finally detectors 97,98 and tube 12 may remain relatively fixed as long as the residue deposit in tube 12 is uniform or 
the entire tube is within the detectors' field of view. 

The detectors 97, 98 are preferably any type of detector that can detect infrared radiation and provide a signal indic- 
ative of the amount of infrared radiation detected. The detectors 97, 98 provide the signals to a circuit 100. The circuit 
1 00 compares the received radiation as measured by the first detector 98 at a first period in time when reference filter 
95 is in place and the radiation received at a second period of time when test filter 94 is in place and the measurements 
are ratioed. The signal received by the second detector 97 is similarly ratioed by the circuit. The two detectors* ratios 
are then ratioed by each other to produce a single number which is proportional to the concentration of glucose in the 
interstitial fluid sample. If required, the tube 12 can be measured prior to obtaining the sample in the same manner 
described above. This empty tube measurement can be used to account for material and geometry variations from tube 
to tube. It will be appreciated that the detectors and electronics for providing such an analysis form no part of this inven- 
tion per se and may be such as that shown and described in U.S. Patent 5,1 15,133. 

By way of example, let: 

ABg 7 = Energy detected by detector 97 with the absorption filter 94 between source 92 and tube 12; 
REF97 = Energy detected by detector 97 with the reference filter 95 between source 92 and tube 1 2; 
ABg 8 = Energy detected by detector 98 with the filter 94 between source 92 and detector 98; and 
REF 98 = Energy detected by detector 98 with the filter 95 between source 92 and detector 98; 

RatiO TEST = ( AB97/REF97) j ESTA ABgg/R E Fgg) test 

Where TEST' indicates measurements taken through a tube 12 contain a fluid sample; 

RatiOsTART = (AB 9 7/REF 97 ) STAFVr /(AB 98 mEF 98 ) START 

Where "START indicates measurements taken through an empty tube 12. 

With the above definitions, Ratior E sT is inversely proportional to theglucose concentration in the measured sam- 
ple. The relation between the ratiotEST and the concentration can be empirically measured and stored in the memory 
of circuit 100. With the circuit 100 receiving the readings of detectors 97,98, the ratio is easily calculated and compared 
to the memory to determine the concentration and provide a read-out thereof. If material or geometry variations of the 
tube 12 cannot be controlled, the ratio of Ratio TE sT' R atiosTART can, alternatively, be used to compare to the empirical 
data to determine blood glucose concentration. 

In order to evaporate the liquid from the capillary tube 1 2 the collected sample is dried by means of heating the cap- 
illary tube 12 with the infrared source 92. The drying measurement provides numerous advantages. Optical measure- 
ment allows quantitative analysis of fluid volumes too small to be otherwise chemically analyzed. Also, evaporating the 
liquid from the tube 12 removes water which is the major energy absorber in a wet measurement system. As a result, 
the accuracy of the measurement is increased because there is no need to distinguish energy absorption of an analyte 
(for example, glucose) from IR absorption by water. Also, when performing infrared spectrometry of analytes in solution, 
the path length must be measured accurately or an apparent path length accurately determined. 

In the event a dry method is used, it is preferable to first measure the height which the fluid achieves in the capillary 
tube 12. Since the capillary tube 12 diameter is pre-determined (within manufacturing tolerances), the volume of the 
withdrawn fluid can be measured before driving off the fluid with heat from source 92. When the amount of glucose 
within tube 12 is determined through the dry technique by passing the sensors 97, 98 along the length of the tube 12, 
the concentration can be calculated since the volume of the fluid has been pre-measured. 

In the event a wet measurement technique is desired (Le^ measuring the glucose level of the fluid without first 
evaporating the fluid from the tube 12), the apparatus of Figs. 7-10 is preferably employed. 

As discussed previously, a variety of structures may be utilized as the collection apparatus. Referring now to Figs. 
7-9, an alternative embodiment of the present invention is shown. This alternative collection apparatus 10" similarly 
includes a hollow needle 42' and a hollow capillary tube 12' open at both ends and securely disposed within the needle 
42'. The needle 42' includes a first flange 100' disposed against the outer wall of the needle 42' to control the depth of 
the penetration of the needle. As shown in Fig. 7, the collection apparatus 1 0" is inserted into the skin 20* until the flange 
1 00* rests against the surface of the skin 20'. In this position, the distal end 1 4' of the capillary tube 1 2' is disposed within 
the upper third portion of the dermal layer 24 of the skin and the capillary action of the tube 12 draws interstitial fluid 
into the passageway 1 8' of the tube 1 2' to collect the sample. It is appreciated that a vacuum mechanism could also be 
adapted for use with this collection apparatus to assist the flow of interstitial fluid into the capillary tube. 
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The proximal end of the needle 42' includes a gripping flange 1 02' which provides a handle for inserting and remov- 
ing the collection apparatus 10" from the skin 20. Flange 102' is open at 103' to vent capillary tube 12'. The needle 42' 
includes diametrically opposing apertures 46' for exposing a portion of the capillary tube 12', After a sample of intersti- 
tial fluid has been collected within the capillary tube 12'. the collection apparatus 10" is removed from the skin 20 and 
a testing light source (preferably transmitted through optical fibers 104' shown in Fig. 8) is then directed through the 
apertures 46* to determine the concentration of a constituent in the interstitial fluid. 

In a wet technique, the liquid within the tube 12' is not evaporated. Instead, infrared radiation having a wavelength 
absorbable by glucose is passed through the apertures as illustrated in Fig. 8. H the diameter of the tube 12 is strictly 
controlled and known, the actual path length of the infrared radiation is known. However, if the diameter cannot be 
strictly controlled, the path length can be measured through interferometry techniques. With knowledge of the actual 
path length, it is well within the skill of the art to determine the amount of glucose based on the absorbed infrared radi- 
ation and to account for absorption attributable to liquid within the path length. 

Fig. 10 shows a still further embodiment of the invention in an apparatus 10"'. In this embodiment (in which ele- 
ments in common to Fig. 8 are numbered identically with the addition of two apostrophes), apertures 46" are positioned 
between flanges 100", 102". With this construction, optical fibers 104" may be installed and spectrometrically testing 
fluid within tube 12" while the apparatus 10"' is in situ with flange 100" pressed against a skin layer. 

The foregoing description identifies structure and apparatus and methods of testing which eliminate certain of the 
disadvantages of the prior art. With respect to prior invasive techniques, the present invention provides for collecting a 
sample of interstitial fluid in the dermal layer 24 of the skin utilizing a needle 42 and capillary tube 12 having a small 
diameter to minimize the pain of the needle penetration. Additionally, prior invasive techniques require the presence of 
a large concentration of Wood vessels and coincidentally associated nerve endings (i.e., such as a fingertip) which 
increases the pain of the needle or lanset penetration. The present invention does not have these requirements since 
it is collecting interstitial fluid from the dermal layer 24 of the skin 20 and thus may be used on any area of the skin with 
minimal pain to the user. With regard to prior non-invasive techniques, the minimally invasive optical testing provides for 
a more accurate reading of the glucose concentration of bodily fluids. A significant advantage is measurement of glu- 
cose in interstitial fluid rather than through tissue and whole blood. The interstitial fluid has the same glucose informa- 
tion, but is in a more easily tested form resulting in a more reliable measurement. Blood contains more interferents to 
IR glucose testing and possibly in higher concentrations than interstitial fluid (such interferents include blood cells, cho- 
lesterol and protein). 



D. Interstitial Fluid Sampling And Alterna te Testing Techniques 

The foregoing discussion of preferred embodiments of the present invention illustrates a collection of interstitial fluid 
and passing infrared light through a volume of the collected fluid (either before or after drying) in order to determine 
blood glucose levels. However, the collection method and apparatus of the present invention can be utilized in a variety 
of different embodiments for measurement of blood glucose or other fluid constituents. 

With reference to Figs. 11-14, an alternative embodiment is shown for an interstitial fluid sampler 200. The sampler 
200 includes a base 202 and a cover 204 connected together at a hinge point 205. Shown best in Fig. 1 1 , the cover 204 
is a ring having an extension 208. The extension 208 cooperates with supports 210 and a pivot pin 212 to define the 
hinge point 205. 

An interior surface of the cover 204 is provided with a membrane 210 covering the interior surface of the cover 204. 
The base 202 has a flat upper surface 212. In Figs. 11-14, the cover 204 is shown pivoted to an open position. The 
cover 204 may be pivoted about hinge point 205 to a closed position with the membrane 21 0 resting against and oppos- 
ing the upper surface 212 of base 202. 

Secured to the base 202 and extending axially therefrom is a needle 214. The needle 214 protrudes beyond the 
lower surface 206 of the base 202. The needle terminates at the upper surface 212 and flush therewith. Formed in the 
base 202 and exposed through the lower surface 206 is a chamber 218. The chamber surrounds the needle 214. 

With the construction thus described, the cover 204 may be placed in a closed position with the membrane 210 
abutting surface 212. Accordingly, the membrane 210 is also opposing the needle 214. The base lower surface 206 is 
urged against a patient's skin such that the needle 214 penetrates into the skin. Interstitial fluid is drawn or forced 
through the needle 214 resulting in a spot of the interstitial fluid being placed on the membrane 210. In this manner, a 
sample of interstitial fluid is collected on the membrane 21 0. 

With the membrane 210 containing a sample of interstitial fluid, the interstitial fluid may now be tested for constitu- 
ents. The testing of the sample of interstitial fluid collected on membrane 210 can be done in any number of ways. For 
example, the cover 204 may be pivoted to the open position shown in Figs. 11-14. The collected interstitial fluid will 
appear as a spot on the membrane 210. Infrared light may be passed through the spot of interstitial fluid on the mem- 
brane 210 with absorption of the IR wavelengths indicating the amount by which desired constituents (for example, glu- 
cose) are present. Alternatively, the sample can be electro-chemically tested. Electro-chemical testing of blood glucose 



8 



EP0 723 418 B1 



is done with miniature sensors such as those discussed in an article entitled "Towards Continuous Glucose Monitoring: 
In Vivo Evaluation Of A Miniaturized Glucose Sensor Implanted For Several Days In Rat Subcutaneous Tissue", Moatti- 
Sirat et al., Diabetoloaia (1992) pages 224-230. Other electrodes for testing blood glucose are discussed in an article 
entitled "An Overview of Minimally Invasive Technologies", Ginsberg et al., Clinical Chemistry. Volume 38, No. 9, 1992. 

5 As an additional alternative, collected samples can be colormetrically tested. In colormetric testing, the membrane 210 
may be a multilayer of paper and chemicals. As the interstitial fluid passes through the layer, the color changes. The 
changing color indicates relative amounts of glucose concentration. An example of such is discussed on page 26 in May 
1993 issue of Diabetes Forecast. Another alternative is an ATR (attenuated total reflectance) measurement of the col- 
lected fluid. In the ATR method, the collected fluid is passed over an ATR crystal, which may be part of the fluid codec- 

10 tion device. An I R beam is directed into the ATR crystal, and the evanescent wave of the beam is preferentially absorbed 
at specific wave lengths indicating the amount by which desired constituents (such as glucose) are present. Other 
potential techniques for analyte measurement include luminescence, immunilogical, radioistopic, and others. 

In the embodiment of Figs. 11-15, the interstitial fluid is collected on the membrane 210. In a preferred embodi- 
ment, the membrane 210 is a microporous material (e.g.. nylon) which will provide even wetting and drying. The mem- 

15 brane should have a high surface area to promote rapid drying. An example of such a membrane is a .2 micron pore 
size of Nylaflo. Nylaf lo is a registered trademark for a nylon disk made by Gelman Science, Inc. of Ann Arbor, Michigan. 
Preferably such materials are IR transparent at the absorption wavelength of the constituent being measured. Other 
examples of membranes are polyethylene, polyacylonitrile (PAN), poly(styrene-acrylonitrile) (SAN) and polyamides 
(nylon). While the foregoing are high IR transmissive, less IR transmissive materials may be suitable. These include 

20 polysulfone, polyethersulfone (PES), cellulosics, poly(vinylidene fluoride) (PVDF), poly(ethylene terephthalate)(PET) 
and polycarbonate. The membrane material can be formed in a variety of suitable ways including woven, nonwoven, 
felted and as a paper. 

The needle 214 is preferably as small as possible to avoid pain to a user. For example, needle 214 will be of a size 
of about 28 to 32 gauge (La, .36 millimeters outside diameter to .23 millimeters outside diameter) with a presently antic- 

25 ipated preferred size of about 29 gauge. The preferred gauge is limited by the mechanical integrity of commercially 
available needles. Needle 214 will be sized to penetrate into the dermis. As previously discussed, the minimum size of 
the needle 214 and selection of its length to penetrate into the dermis are made to minimize the possibility of contact 
with nerves or penetration of blood vessels. 

The apparatus of the present invention is intended to remove interstitial fluid rather than penetrate a blood vessel 

30 and remove blood. While it is anticipated some blood may be in the interstitial fluid, it is the desire of the present inven- 
tion to minimize or avoid the presence of blood being collected by the sampler. 

A preferred embodiment of the present invention utilizes the membrane 210 which ensures a uniform thickness and 
absorption such that the amount of fluid collection per volume of the membrane is constant within the region of the spot 
on the membrane 210 at which the interstitial fluid is deposited. Also, the membrane 210, can be easily dried. For exam- 

35 pie, in most instances, due to the small amount of fluid being deposited on the membrane 210, the membrane will dry 
in ambient conditions. If desired, the membrane 210 may be subjected to any heating or blowing in order to thoroughly 
dry the membrane 210. Removal of water from the collected sample enhances the measurement for glucose. For exam- 
ple, in a paper entitled "Quantitative Analysis of Aqueous Solutions by FTIR Spectroscopy of Dry-Extract" by DuPuy et 
al., SPIE, Volume 1575, 8th International Conference on Fourier Transform Spectroscopy (1991), pages 501-502, the 

40 greater iderrtrfiability of the IR signature of a dry sucrose extract is shown with reference to an absorption spectrum of 
sucrose and water. 

The spacing of the needle 214 from the walls of the base 202 by means of the cavity 218 is for the purpose of pro- 
viding the surface 206 to form an annular ring surrounding the needle 214 which forces down on a patient's skin to urge 
interstitial fluid into the needle 214 as previously illustrated and discussed with reference to Figs. 2 and 6. 
45 Figs. 16-23 show a still further embodiment of the present invention and illustrate a sampler 200'. Sampler 200' 
includes a base 202' having a chamber 218' through which a needle 214' passes. The needle 214' is secured to a plate 
215'. The plate 215' rests within an upper chamber 218a' of base 202'. The plate 215' is secured from rotational move- 
ment relative to the base 202' by means of an alignment pin 217' passing through both the base 202' and the needle 
plate 215'. 

so A membrane 21 0' such as the aforementioned Nylaflo (membrane 21 0) is secured by adhesive or mechanical con- 
nection or the like to a membrane ring 21 9'. The membrane ring 219' and membrane 210' are placed against the needle 
plate with the membrane 210' opposing the needle 214'. 

The membrane ring 219' has an axial hole 22V through which an interstitial fluid spot may be viewed after depos- 
iting of the spot on the membrane 21 0' by reason of the interstitial fluid passing through the needle 214'. The membrane 

55 ring 219' has a hole 223' to receive the alignment pin 21 7'. A main housing 225' is placed over the body 202' with an O- 
ring 227' positioned to space the spacer 202' from the housing 225'. An additional hub 227' is placed within the housing 
225' such that a vacuum source or the like may be applied to the hub 227' if desired to assist in the draw of interstitial 
fluid up the needle 214'. It will be appreciated that the needle 214' and membrane 210' as well as the spacing on the 
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needle 21 4' from the walls 218* are done for the purposes previously described. 

With the construction thus described, the bottom surface 206' of the base 202' is placed against the patient's skin, 
interstitial fluid is drawn up through the needle 214' and deposited as a spot on the membrane 210'. The membrane ring 
219* with the attached membrane 210' may be removed and the spot tested for constituency concentrations as previ- 
5 ously described. 

Figs. 24-25 show a still further alternative embodiment of the present invention by means of a sampler 200". The 
sampler 200" includes a base portion 202" having a bottom surface 206" with an axially positioned chamber 218". The 
base 202" also has a flat upper surface 212". A needle with the dimensions and structure previously described extends 
axially through the base 202" with the needle protruding below the lower surface 206" and flush with the upper surface 

10 212". A membrane 210" of Nylaflo is positioned on the upper surface 212" in overlying relation to the needle 214". The 
sampler 200" also includes a centrally positioned handle 21 5" to permit a user to grasp the sampler between opposing 
thumb and forefinger to force the surface 206" against the patient's skin resulting in penetration of the needle 214". 
Interstitial fluid is passed through the needle 214" and deposited on the membrane 210". Unlike the membrane 210 of 
Figs. 1 1-14 or the membrane 210' of Figs. 16-20, the sample on the membrane 210" may be tested by reflecting infra- 

75 red light through the sample and off of surface 212". In the previous examples, infrared light is passed through the mem- 
brane rather than reflected. 

Other examples of sampling apparatus according to preferred embodiments of the present invention include a 
sheet of metal (e.g.. a small lance having the sizing recited above with respect to the needles 214,214\214" to avoid 
pain and blood collection). A membrane such as the material of membranes 210,210',210" is deposited on the sheet of 

20 metal such that interstitial fluid is drawn onto the membrane through capillary wicking or similar action upon insertion of 
the sheet metal into the patient's skin. A still further example includes a penetration member in the form of a split sheet 
of metal having a slit defined between opposing surfaces of the metal. The split sheet has the foregoing recited dimen- 
sion for pain and blood avoidance. Upon insertion of the sheet into the skin, interstitial fluid is drawn into the slit The 
fluid may be deposited on a membrane for IR testing. 

25 The split sleeve penetration member is illustrated in two embodiments in Figs. 26-28. In Figs. 26-28, a split sleeve 
400 is shown in the form of folded metallic member having an angled leading edge 402. Cutouts are provided in the split 
sleeve 400 to define a cutout area 404 into which a membrane such as membrane 210 can be placed to receive col- 
lected fluid. The folded over metal of the split sleeve 400 defines a slot 406 which is maintained in spaced relation by 
reason of protruding rib 408 to prevent complete -closure of the slot 406. The leading end 402 is sized similar to the 

30 needles 214 such that the leading end*402 mayt>e inserted itffo the skin with minimal pain and blood loss and with the 
advantages previously described. Interstitial fluid is drawn or urged through the slot 406 and deposited on the mem- 
brane (not shown but contained within area 404) for testing as previously described. 

Figs. 29-31 show an embodiment similar to that of Figs. 24-25 of a sampler 200'" having a base member 202*" in 
the form of a ring and a handle 215"'. The ring includes a cutout central area 210"'. Connected to the handle 215'" and 

35 extending through the cutout area 210'" is a split sleeve penetration member 214 " which includes a metallic needle end 
having spaced-apart metallic portions to define a slot 406"' into which fluid can be passed and deposited on a mem- 
brane 210"'. The size of the penetration member 214"' is similar to the sizing of needle 214" for the advantages previ- 
ously discussed. 

40 Claims 

1 . An apparatus for obtaining a sample of body fluid, said apparatus having 

a penetration member (12, 214,2140 with a fluid pathway (1 8) for fluid to flow at least partially along the length 
45 of said member, 

said member (1 2, 21 4, 214') sized to penetrate into but not through a dermal layer (24) of a patient's skin for a 
sample of said fluid to flow from said dermal layer (24) and into and along said pathway (18). 

2. An apparatus according to claim 1 comprising a membrane (210, 210') in close proximity to an end of said pene- 
so tration member (214, 214*) for said sample to flow from said fluid pathway and be deposited on said membrane 

(210, 210% 

3. An apparatus according to claim 2 wherein said membrane (210, 21 0 1 ) is formed of a microporous material. 

55 4, An apparatus according to claim 3 wherein said membrane (210, 210 1 ) is accessible for drying prior to testing of 
constituents deposited on said membrane (210, 210*). 

5. An apparatus according to claim 1 comprising a base member (202, 202'), a needle (214, 214") disposed within 
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said base member (202, 202*) and having a penetration end protruding beyond a lower surface (206) of said base 
member (202, 202') and having an opposite end. 

6. An apparatus according to claim 5 further comprising means (2020 f° r compressing said skin in a region surround- 
ing said needle (214*) upon penetration of said needle (214) into said skin. 

7. An apparatus according to claim 5 further comprising a membrane (210. 210) disposed against said opposite end 
of said needle (214, 214') for depositing said sample on said membrane (210. 210'). 

8. An apparatus according to claim 5 wherein said needle (2 1 4, 2 1 4*) is selected to have a size small er than 28 gauge. 

9. An apparatus according to claim 1 wherein the constituent is glucose and said member (1 2) includes at least a sec- 
tion composed of a material which is transparent to a light source including infrared light having a wavelength 
absorbable by glucose. 

10. An apparatus according to claim 1 wherein said member (12) is a conduit having a passageway (18) and wherein 
said conduit includes a proximal (1 7) and distal end (14); and means (70) for applying a negative pressure to said 
proximal end (17) of the conduit (12) such that body fluid located adjacent said distal end (14) of the conduit (12) 
is drawn up into said passageway (18) of the conduit (12). 

Patentanspruche 

1. Apparat zur Entnahme einer KOrperflQssigkeitsprobe, wobei jener Apparat ein Penetrationsglied (12, 214, 214*) mit 
einem Flussigkeitsweg (18), damrt die Flussigkeit mindestens teilweise entlang der L&nge dieses Glieds flieBen 
kann, aufweist, und wobei jener Apparat dadurch gekennzeichnet ist, daft dieses Glied (12, 214, 214*) so bemes- 
sen ist, daft es in die, aber nicht durch die, Hautschicht (24) der Haut eines Patienten penetrieren kann, damrt eine 
Probe dieser Flussigkeit von dieser Hautschicht (14) in und diesen Weg (18) entlang flieBen kann. 

2. Apparat nach Anspruch 1 , umfassend eine Membran (210, 210') in unmittelbarer Nahe eines Endes dieses Pene- 
trationsglieds (214, 214), damitdiese *Probe von<diesem Flussigkeitsweg flieBen und auf dieser Membran (210, 
210) abgeschieden werden kann. 

3. Apparat nach Anspruch 2, worin diese Membran (210, 210') aus mikroporOsem Material besteht. 

4. Apparat nach Anspruch 3, worin diese Membran (210, 210) vor der Prufung der auf dieser Membran (210, 210) 
abgeschiedenen Bestandteile zum Trocknen zugSnglich ist. 

5. Apparat nach Anspruch 1 , umfassend ein Grundglied (202, 202), eine in diesem Grundglied (202, 202) angeord- 
nete Nadel (214, 214) die ein Penetrationsende, das unter eine untere Fiache (206) dieses Grundglieds (202, 202) 
ragt, und ein entgegengesetztes Ende aufweist. 

6. Apparat nach Anspruch 5, werterhin umfassend Mittel (202) zum Komprimieren der Haut in einer die Nadel (214) 
umgebenden Region bei Penetration der Nadel (214) in die Haut. 

7. Apparat nach Anspruch 5, werterhin umfassend eine Membran (210, 21 0), die gegen das entgegengesetzte Ende 
dieser Nadel (214, 214) zum Abscheiden dieser Probe auf dieser Membran (210, 210) angeordnet ist. 

8. Apparat nach Anspruch 5, worin diese Nadel (214, 214) so ausgewahlt ist, daB sie eine GrOBe unter 28 Gauge 
aufweist. 

9. Apparat nach Anspruch 1 , worin der Bestandteil Glucose ist und dieses Glied (12) mindestens einen Abschnitt auf- 
weist, der aus einem fur eine Lichtquelle mit Infrarotiicht einer von Glucose absorbierbaren Welleniange transpa- 
renten Material besteht. 

10. Apparat nach Anspruch 1, worin dieses Glied (12) eine Leitung mit einem Durchgang (18) ist und worin diese Lei- 
tung ein proximales (17) und ein distales (14) Ende aufweist; und Mittel (70) zum Aufbringen eines Vakuums auf 
dieses proximale Ende (1 7) der Leitung (12), so daB neben diesem distalen Ende (14) der Leitung (12) befindfiche 
KOrperflOssigkeit in diesen Durchgang (18) der Leitung (12) aufgezogen wird 
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Revendications 

1 . Appareil pour obtenir un 6charrtillon de f tuide corporel, ledrt appareil pr6sentant : 

s un 6l6ment d'introduction (12, 214, 214') pr6sentant un passage fluidique (18) afin qu'au moins une parti e du 

f luide s'6coule sur la longueur dudit 6l6ment, I'appareil 6tant caract6ris6 en ce que : 
ledrt 6l6ment (1 2, 214, 214*) est dimensionnS pour p6n6trer dans mais pas a travers une couche dermique (24) 
de la peau d'un patient afin qu'un 6chantiIlon dudrt f luide s'6coule de ladite couche dermique (24) et dans ainsi 
que le long dudit passage (18). 

10 

2. Appareil selon la revendication 1 , comprenant une membrane (210,210') situ6e a praximit6 immediate d'une extr6- 
mit6 dudit 6l6ment d'introduction (214, 214*) afin que ledit 6chantillon s'6coule depuis ledrt passage fluidique et se 
depose sur ladite membrane (210,210*). 

is 3. Appareil selon la revendication 2, dans lequel ladite membrane (210,210*) est r£alis§e dans un materiau micropo- 
reux. 

4. Appareil selon la revendication 3' dans lequel ladite membrane (210, 210') est accessible a des fins de s6chage 
avant I'analyse des composarrts deposes sur ladite membrane (210, 210'). 

20 

5. Appareil selon la revendication 1, comprenant un 6l6merrt de base (202, 202'), une aiguille (214, 214*) disposGe 
dans ledit 6l6ment de base (202, 202*) et pr£sentant une extr6mrt£ d'introduction faisant sailiie au-dela d'une sur- 
face inf 6rieure (204) dudit 6l6ment de base (202, 202*) et ayant une extr6mit6 opposGe. 

25 6. Appareil selon la revendication 5, comprenant en outre des moyens (202*) pour comprimer ladite peau dans une 
region entourant la drte aiguille (214*) lors de ('introduction de ladite aiguille (214} dans ladite peau. 

7. Appareil selon la revendication 5, comprenant en outre une membrane (210,210*) dispos£e contre ladite extr6mit6 
oppos6e de ladite aiguille (214, 214*) pour d6poser ledit Gchantillon sur ladite membrane (210, 210*). 

30 ' ■• < " " ^ ' 

8. Appareil selon la revendication 5, dans lequel ladite aiguille (214, 214*) est choisie de mani&re a ce que sa taille 
soit inferieure a 28 jauges. 

9. Appareil selon la revendication 1 , dans lequel le composant est le glucose et ledit €l€ment (12) comprend au moins 
35 une section constitute d'un mater iau qui est transparent a une source lumineuse, y compris la lumi&re infrarouge 

dorrt la longueur d'onde peut 6tre absorbee par le glucose. 

1 0. Appareil selon la revendication 1 , dans lequel ledit 6l6ment (1 2) est un conduit prGsentant un passage (1 8) et dans 
lequel ledit conduit comprend des extr6mit6s proximate (17) et distale (14); et des moyens (20) pour appliquer une 

40 depression a ladite extr6mit§ proximale (17) du conduit (12) de telle sorte que le f luide corporel, adjacent a ladite 
extr6mrt6 distale (14) du conduit (12), soit aspir6 dans ledit passage (18) du conduit (12). 



12 



EP 0 723 418 B1 




13 



EP 0 723 418 B1 




14 



EP 0723 418 B1 




15 



EP 0 723 418 B1 





16 



EP 0 723 418 B1 



FIG. 6 
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FIG. 8 
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